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Chapter I
Introduction

Rickettsial diseases are worldwide in distribution, and throughout history have
periodically emerged in epidemic proportions within human populations. Diseases such as
epidemic typhus in Africa, and murine typhus and Rocky Mountain spotted fever in the US,
are familiar examples of rickettsial infections that have reemerged within the 20th century
(Azad and Beard 1998).
Human monocytic ehrlichiosis (HME), and human granulocytic ehrlichiosis (HGE)
are two forms of rickettsial disease that have emerged in North America within the last
decade. Ehrlichioses are caused by bacteria in the genus Ehrlichia, and like other rickettsiae,
they are non-motile, gram-negative cocci that obligately parasitize host cells. Ehrlichia spp.
reside in the membrane-lined, cytoplasmic vacuoles of leukocytes (Dawson and Ewing
1995). Evidence of Ehrlichia infection in humans has been associated with symptoms
similar to those of Lyme disease (Petersen et al. 1989). Clinical manifestations are often flu¬
like including fever, headache, chills, malaise, nausea, myalgia and anorexia. The disease is
often more severe in the elderly and is complicated by pre-existing medical conditions and
secondary infections (Eng et al. 1990). Symptoms may be mild and those infected may not
seek medical attention, suggesting that the prevalence of the disease may be much greater
than realized (Reed 1992).
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The agent of HME, Ehrlichia chaffeensis, was described in 1990 after it was isolated
from blood samples taken from febrile patients of a medical clinic in Fort Chaffee, Arkansas
(Anderson et al. 1991, Dawson et al. 1991). A different, as yet unnamed species, was later
detected in human granulocytes and identified as the agent of HGE (Chen et al. 1994).
Because ehrlichiae are obligate intracellular parasites, they cannot be cultured out of
living cells. Techniques based on immunologic properties traditionally used in the
identification or detection of pathogens such as serology or immunofluorescent antibody tests
(IFA) are problematic as closely related Ehrlichia species exhibit cross reactivity (Dawson et
al. 1994, Lockhart et al. 1997). Consequently, molecular techniques such as the polymerase
chain reaction (PCR) have become widely used in all aspects of Ehrlichia research. PCR
amplification and sequencing of 16S rDNA forms the basis for species-level identification
and classification of ehrlichiae (Anderson et al. 1991). Comparison of 16S rDNA sequence
similarities yields three taxonomic clusters of obligate, intracellular, gram-negative bacteria
that include Ehrlichia spp. as well as other genera. Ehrlichia sennetsu, E. risticii and
Neorickettsia helminthoeca comprise one of the three clusters. Ehrlichia chaffeensis,
belongs to a different cluster along with E. canis, E.ewingii, E. muris and Cowdria
ruminantium. The agent of HGE belongs to a third cluster along with E. equi, E.
phagocytophila, E. platys, and Anaplasma marginale (Appendix 1) (Walker and Dumler
1996). In fact, the possibility that the HGE agent is a different strain of either E.
phagocytophyla or E. equi has not been excluded. Since the development of PCR for the
study of Ehrlichia spp. (Anderson et al. 1992), modifications have been made to maximize
its sensitivity and specificity for the detection of E. chaffeensis in ticks and mammals
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(Dawson et al. 1994, Burket et al. 1998, Roland et al. 1998, Kramer et al. 1999). These
assays target various portions of the highly conserved bacterial 16S rRNA gene. One of our
objectives was to develop a nested PGR assay using modified or newly constructed primers
to further maximize sensitivity and specificity.
The enzootic cycle of ehrlichioses includes mammals as reservoirs and ticks as modes
of transmission. In the southeastern US, evidence of E. chaffeensis infection has been found
in white-tailed deer (Odocoileus virginianus), raccoons (Procyon lotor), and opossums
(Didelphis virginiana), implicating them as likely reservoirs of HME (Lockhart et al. 1997).
Rodents, which are likely to be important reservoirs for HGE (Nicholson et al. 1998,
Magnarelli et al. 1999), appear to play only a minor role in the maintenance of E.chaffeensis
in nature (Lockhart et al. 1997, 1998). However, it is often the vector that is more important
in the maintenance of rickettsial pathogens in the wild (Azad and Beard 1998). Several
species of ticks may play a role in Ehrlichia biology; however, their relative importance as
vectors is unclear. While the American dog tick {Dermacentor variabilis) and the blacklegged tick (Ixodes scapularis) have both tested PCR-positive for infection with the HGE
agent (Magnarelli et al. 1995), only I. scapularis is a competent vector (Des Vignes et al
1997, 1999). Similarly, although the lone star tick, Amblyomma americanum, is the primary
vector of E. chaffeensis (Anderson et al. 1992, Ewing et al. 1995, Lockhart et al. 1995, 1997),
other tick species such as Dermacentor variabilis (Roland et al. 1998, Kramer et al. 1999)
and Ixodes pacificus (Kramer et al. 1999) have tested PCR-positive for E. chaffeensis
infection.
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Human cases of ehrlichiosis are linked directly to tick bites or at least activities that
bring humans into close proximity with ticks (Petersen et al. 1989, Standaert et al. 1995).
Therefore, it is possible to assess the risk factors associated with acquiring ehrlichiosis from
different tick species. In Georgia, adults of I. scapularis are not active during the spring and
summer months as are A. americanum (Wilson and Baker 1972). Consequently, risk of
exposure to HME may be considerably higher than HGE in this region if the spring and early
summer are associated with increased outdoor recreational activity. Relative risk from tick
exposure may be determined by estimating prevalence of Ehrlichia chaffeensis infection in
tick populations. Moreover, it is important to understand the biological and environmental
factors that influence the distribution of infection foci. Therefore, an additional objective of
this study is to determine the prevalence of E. chaffeensis infection in A. americanum
populations from the coastal region of Georgia.

Chapter II
Prevalence of Ehrlichia chaffeensis (Rickettsiales: Rickettsiaceae) in Lone Star Ticks,
Amblyomma americanum (Acari: Ixodidae), of the Georgia coast and Barrier Islands.1

' Whitlock, J.E., Q.Q. Fang, and L.A. Durden. Submitted to Journal of Medical Entomology in July 1999
5
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Abstract
Human monocytic ehrlichiosis (HME) is an emerging, zoonosis transmitted to mammals by
ixodid ticks. Prevalence of infected ticks and distribution of infection foci indicate relative
risk of human exposure to ehrlichiosis and may be influenced by factors such as geographic
isolation and human disturbance. To test this, individual and pooled lone star ticks,
Amblyomma americanum (L.), collected from 3 populations from the coast and barrier
islands of Georgia were screened for Ehrlichia chaffeensis Anderson, Dawson, Jone, and
Wilson, the agent of HME. A species-specific, nested polymerase chain reaction (PGR)
assay was used to amplify a 572 base pair fragment of the E. chaffeensis 16S rRNA gene
from infected ticks. PGR product specificity was confirmed by nucleotide sequencing. Our
results showed the prevalence of infected ticks to be 0%, 0.9%, and 9.3% for Sapelo Island,
St. Catherine's Island, and Ft. McAllister respectively.

Key words: Ehrlichia chaffeensis, Amblyomma americanum, human monocytic ehrlichiosis,
coastal Georgia, barrier islands, prevalence, 16S rDNA
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Since the discovery of Ehrlichia chaffeensis, the agent of human moncytic
ehrlichiosis (HME) (Anderson et al. 1991), wildlife and ticks involved in the maintenance
and transmission, respectively, of the pathogen have been the subject of intensive
investigation. The lone star tick, Amblyomma americanum (L.), has been implicated as the
primary vector of E. chaffeensis (Anderson et al. 1992, Ewing et al 1995, Lockhart et al.
1995, 1997). Determining the prevalence of E. chaffeensis in A. americanum populations is
especially important for identifying foci of infection and areas of high-risk for human
exposure to HME. In the northern part of the range of A. americanum, overall infection
prevalence estimates reported for this tick vary from 4.9% in southern Indiana (Burket et al.
1998) to 29% in Missouri (Roland et al. 1998). In the southeastern US, E. chaffeensis may
infect up to 12% of A. americanum in the Piedmont physiographic region of north Georgia
(Lockhart et al. 1997). Our goal was to determine the prevalence of ticks infected with E.
chaffeensis from coastal and island A. americanum populations of southeastern Georgia. We
hypothesized that while E.chaffeensis would be present in this region, there would be
different infection prevalences between coastal and insular A. americanum populations
caused by the relative isolation of barrier islands and relatively low level of human
disturbance.
PGR amplification and sequencing of 16S rDNA forms the basis for species-level
identification and classification of ehrlichiae (Anderson et al. 1991). Since the development
of PGR primers HE1 and HE3 (Anderson et al. 1992), primer variations or additional
techniques used in conjuction with PGR (such as Southern blotting and restriction enzyme
digestion) have been used to maximize sensitivity and specificity of PGR for the detection of
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E. chajfeensis in ticks and mammals (Dawson et al. 1994, Burket et al. 1998, Roland et al.
1998, Kramer et al. 1999). These assays target various portions of the highly conserved 16S
rRNA gene of E. chajfeensis. Likewise, we have developed a nested PGR assay using
modified or newly constructed primers to further maximize sensitivity and specificity.
Furthermore, because contamination is a major concern with PGR, we have attempted to
verify the results through repetition and by sequencing of PGR amplicons.
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Materials and Methods
Collection of Ticks Questing ticks were collected from vegetation using a 1x1 m
white drag cloth. Adult Amblyomma americanwn were collected from Fort McAllister State
Historic Site in Chatham County, St. Catherine's Island in Liberty County, and Sapelo Island
in Mclntosh County, Georgia (Fig. 1). Specimens were kept alive and returned to the
laboratory where their identity was confirmed before they were placed in storage at -70 0C.
Isolation of Nucleic Acid A modification of a previously described method (Doyle
and Doyle 1990) was used to isolate nucleic acid from each tick collected from Ft.
McAllister and St.Catherine's Island. Ticks from Sapelo Island were randomly chosen for
extraction of nucleic acid either individually or in pools of 2-7. Briefly, individuals and
pools were placed within 1.5 ml microcentrifuge tubes containing 500|il of
cetyltrimethylammoniumbromide (CTAB) and pulverized with a hammer and sterile pestle.
Ticks were thoroughly dismembered to ensure that internal tissues were separated from the
exoskeleton. Samples were then incubated at 65 0C for 30 min. Next, 500(il of chloroform:
isoamyl alcohol (24:1) was added and the samples were centrifuged at 14,000 x g to separate
the phases. The supernatant was removed and added to an equal volume of chloroform,
again followed by centrifugation at 14,000 x g. DNA was precipitated from the supernatant
in a new tube with 1/10 volume of 3M sodium acetate and an equal volume of cold
isopropanol. After centrifugation for 15 min, the supernatant was removed and the pelleted
DNA was rinsed with 70 and then with 100% ethanol. DNA was dried and suspended in
50(il lOmM Tris-HCl (pH 8.0). The presence of high molecular weight DNA was verified by
gel electrophoresis prior to PCR amplification.
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Nested Polymerase Chain Reaction To minimize contamination, the PCR reaction
was assembled in an isolated, customized hood with PCR exclusive instruments never
previously used for DNA samples. The hood and accessories were irradiated with UV light
regularly to help destroy stray DNA. Disposable gloves were worn and tubes were handled
in a manner to prevent cross contamination of samples.
The PCR was carried out in 25|il of reaction mixture with the following
concentrations of components: 1 x Taq buffer (lOnM Tris-HCl, pH 8.5, 50mM KC1), 2.5mM
MgC^, 200|J.M of each dNTP, 2.5U of Taq DNA polymerase (all components from PerkinElmer, Foster, City California) and 0.2mM of each primer. One microliter of template
(approximately 0.2 jag of isolated nucleic acid) was used initially, however, to demonstrate
repeatability of PCR amplifications, up to lOpl was needed in some cases. Both a negative
control (sterile water in place of template) and a positive control (DNA from cultured E.
chajfeensis supplied by W. A. Nicholson, CDC Atlanta, GA) were included.
Primers were developed/modified by aligning available rickettsial 16S rDNA
sequences using Genetic Data Environment (GDE) (Smith et al. 1994). Primers Ehr 26F and
Ehr 1430RC target conserved regions of the 16S rRNA gene and amplify 1404bp product
(Appendix 2) from most Ehrlichia spp. and some closely related genera. The primers chaf
48F and chaf 620RC are specific to E. chajfeensis. They target regions of the 16S rRNA
gene that are variable among the rickettsiae and amplify a 572 bp product from only E.
chajfeensis (Appendix 3). PCR reactions were performed in a Perkin-Elmer 2400 thermo
cycler (Perkin-Elmer Cetus). The initial PCR amplification using Ehr26F and EhiT430RC
consisted of 40 cycles of denaturation at 940C for 35 sec, primer annealing at 550C for 45
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sec, and extension at 720C for 2 min. The nested reaction using primers chaf 48F and chaf
620RC consisted of 40 cycles of denaturation at 94°C for 35 sec, primer annealing at 550C
for 45 sec, and extension at 720C for 1 min. PCR products were visualized on 1% agarose
gels using 5|j.l of the 25|j.l reaction volume along with a Ikb standard marker.
Evaluation of PCR Results During the initial screening process, gels were liberally
assessed for bands appearing at the 572 bp product size. All suspect samples were rescreened from the original template and those that were not repeatable were re-screened
using up to lOpl of template or until all of the isolated DNA was tested. Eleven samples
from Ft. McAllister that were originally negative were also re-screened for comparison.
Only bands that were repeatable were considered. PCR products were electrophoresed in
low-melting agarose and the bands were excised and purified using Wizard PCR preps
purification kit (Promega Corporation, Madison, Wisconsin). Purified DNA was sequenced
at the Center for Agricultural Biotechnology at the Maryland Biotechnology Institute.
Resulting sequences were aligned with sequences for rickettsiae and ehrlichieae available in
GenBank to verify the specificity of PCR
Statistical Analyses Although the observed values for infected ticks were small, a
likelihood ratio (Sokal and Rohlf 1995) was used to assess the difference in infection
prevalence between each of the 3 tick populations (IMP version 3.0.2 1989-1994 SAS
Institute Inc., Cary, NC).
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Results
PGR amplification of the 572 bp, 16S rRNA gene fragment from tick nucleic
acid samples A total of 391 A. americanum (250 individual ticks and 141 ticks in 38 pools)
were screened by PGR (Table 1). The 572 bp PGR product characteristic of E. chaffeensis
was amplified from twelve ticks from Ft. McAllister and 1 tick from St. Catherines Island
produced. Twenty-two of the 129 ticks samples from Ft. McAllister were re-screened,
consisting of 11 positive samples and an equal number of randomly chosen negative samples.
All 12 of the positive results were reproduced from the original nucleic acid samples.
However, while 4 samples were consistently reproduced with each subsequent PGR, the
others exhibited various degrees of repeatability. Two of the samples were repeatable only
after the amount of template used for the PGR was drastically increased and all of the DNA
was screened. One tick sample was determined to be positive after re-screening random
samples that were originally negative. It exhibited consistant positive results when subjected
to subsequent PCRs.
Sequence analysis of 16S rRNA gene PGR amplicons The 6 PGR amplicons that
were successfully sequenced were aligned with published rickettsial 16S rRNA gene
sequences. There were no base pair differences between the PGR products and E.chaffeensis,
and several differences compared to E. canis in the amplified region.
Prevalence of E. chaffeensis infection in A. americanum Prevalence of infected
ticks was calculated for the 3 locations based on repeatable PGR positives. The prevalence
was 0, 0.9, and 9.3% for Sapelo Is., St. Catherine's Is., and Ft. McAllister respectively (Table
1).
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Statistical Analyses There was a significant difference in infection prevalence
among the 3 locations (PcO.OOOl), and between each barrier island and Ft. McAllister (St.
Catherines, P=0.0027; Sapelo Island, P<0.0001) but not between the 2 barrier islands
(P=0.1907).
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Discussion

The prevalence of E. chaffeensis infection in adult A. americanum at Ft. McAllister
differed significantly from that of the barrier islands but not from the prevalence in ticks of
the Piedmont physiographic region of northern GA as determined by Lockhart et al. (1997).
The locality from which ticks were collected at Ft. McAllister is a small island connected to
the mainland by a narrow land bridge approximately 1km long. The ticks from this area may
not be sufficiently isolated to represent a distinct population but may instead represent a
focus of infection within a greater mainland population.
Emergence of tick-borne diseases may be associated with environmental factors such
as reforestation of previously disturbed areas (Barbour and Fish 1993). Moreover, complex
interactions between fauna and flora within an ecosystem may influence vector and reservoir
populations and the potential for the disease to reach epizootic proportions (Jones et al.
1998). As these factors vary geographically, different populations of ticks are likely to differ
accordingly with respect to infection prevalence. Therefore, it is not informative to calculate
the overall prevalence of the 3 areas examined here as the barrier islands represent isolated
tick populations. Calculation of such a figure is more appropriate for adjacent or nearby
locations where the tick population boundaries are not clearly defined as in Roland et al.
(1998), Burket et al. (1998) and Kramer (1999). Instead, the data from St. Catherine's and
Sapelo Islands may demonstrate effects of geographic isolation or human disturbance on
infection prevalence. Ehrlichia chaffeensis may be recently established with respect to
mainland populations, or exist in naturally low levels. While it was not detected from any of
151 ticks from Sapelo Island, it is probably present there with a similar prevalence to that of
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St. Catherine's Island. Recent evidence in the form of antibodies to granulocytic ehrlichiae in
rodents from Sapelo Island (Magnarelli et al. 1999) may lend credence to this claim. Further
investigation of ticks throughout the coastal plain will help identify patterns of infection
prevalences and sources of variation in prevalence among tick populations.
Inconsistency of PCR results may be associated with variations in Ehrlichia
chajfeensis infection intensities or isolation of nucleic acid from ticks. Intensities of
infections within the tick are likely to be variable and perhaps occasionally very low. In
addition, the copy number of the target 16S rRNA gene in Rickettsia prowazekii is just 1
(Pang and Winkler 1993) and this is likely to also be the case for Ehrlichia spp. as they are
closely related genera. To expect repeatable results is to expect at least 1 gene and thus 1
organism per aliquot of template used in PCR. Assuming the target genes are equally
distributed throughout the isolated nucleic acid sample, the minimum number of genes
required to provide repeatable results increases as the volume of template used for PCR is
decreased. Therefore, if the isolated DNA was suspended in 50|_tl of tris-HCl or water, and
Ijil of template was used for PCR, at least 50 target genes would need to be present to yield
consistent positive results. While 10 to 100 or more organisms may be present in a single
morula in the host (Dawson 1995), the minimum number that may be found in ticks or the
survival rate of potentially large numbers ingested by ticks is not known. There is also
margin for variation in the DNA isolation; that is, the target 16S rRNA gene may not have
been recovered from all of the bacteria in each infected tick.
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Lockhart et al. (1997) suggested the presence of PCR inhibitors in ticks resulting in a
lower prevalence of positive samples with pooled ticks. If our failure to detect even 1
infected tick was a result of pooling, we attribute it to an additional factor. That is, a greater
volume of Tris-HCl was needed to dissolve the large quantity of nucleic acids recovered with
pooled ticks than individual ticks. Assuming that not all of the pooled ticks are infected, the
ratio of tick DNA to any Ehrlichia DNA present will be increased and would be even more
dilute than from a single tick sample. Consequently, from pools or individuals, it is likely
that nucleic acids isolated from ticks contained various concentrations of target DNA,
sometimes minute quantities. The few molecules of target DNA contained in dilute isolation
samples may not have been present in the fraction of the isolated DNA that was used for
PCR. Indeed, by drastically increasing the amount of template DNA used per reaction and,
in some cases, performing PCR on all of the nucleic acid sample, all positive PCR results
were eventually repeated. While techniques such as Southern blotting are useful in
confirming specificity of questionable PCR positives (Burket et al. 1999), demonstrating
repeatability of even distinct positive results is assurance that positives are not a result of
cross contamination. Moreover, our data suggest it may be prudent to randomly re-screen
negative ticks, perhaps increasing the amount of template used by as much as 10 fold.
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Table 1. Infection prevalence calculated using the number of individual and pooled
Amblyomma americanum yielding the 572bp, 16SrRNA gene fragment characteristic of
Ehrlichia chaffeensis after PCR amplification.

No. ticks screened
Collection site

Individually

Pooled! (No. pools)

Total

No. Positive

Prevalence

(95% CI)
Ft. McAllister 129
St. Catherine's Is.
Sapelo Is.
Total

Ill

-

129

-

12

9.3% (4.2-14.4%)

111 1 0.9% (0-2.7%)

10 141(38) 151 0 0.0%t
250 141 (38) 391 13

t Prevalence for pooled ticks is based on minimum infection rate, and assumes only 1
infected tick per positive pool.
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Fig. 1. Map of the Georgia coast and barrier islands. Lone star ticks (Amblyomma
americanum)wevQ collected from Ft. McAllister (FM), Bryan County; St.
Catherine'slsland (SC), Liberty County; and Sapelo Island (SP), Mclntosh County.
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Chapter III
Prevalence of Ehrlichia chaffeensis Infection in Ticks: Concerns over Population
Sampling and Laboratory Analysis

Human ehrlichiosis is an emerging tick-borne zoonosis first recognized in humans in
the US in 1986. Since the discovery of the causative agents, Ehrlichia chaffeensis (Anderson
et al. 1991) and an unnamed Ehrlichia sp. closely related to E. phagocytophyla and E. equi
(Chen et al. 1994), intense study of the epizootiology of ehrlichiosis has provided
information on both clinical and biological aspects of the disease and pathogens. The wild
mammals and ticks that serve as reservoirs and vectors respectively are of particular interest
as they are the link between study of the organism's natural history by ecologists and the
diagnosis, treatment and prevention of the disease by clinicians and epidemiologists. The
lone star tick, Amblyomma americanum, is the primary tick vector of E. chaffeensis the agent
of human monocytic ehrlichiosis (Anderson et al. 1992, Ewing et al. 1995, Lockhart et al.
1995, 1997). It has been the focus of many studies aimed at determining the role ticks play
in the maintenance of E. chaffeensis in nature as well as the risks ticks pose to humans.
Recently, several studies have been conducted on the infection prevalence of E. chaffeensis
in ticks (Burket et al. 1998, Roland et al. 1998, Kramer et al. 1999). Scrutiny of these studies
raises some interesting questions regarding the experimental error associated with sampling
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and laboratory analysis. Prevalence describes the presence or absence of infections
regardless of when the hosts acquire them (Bush et al. 1997). Infection prevalence values are
not static within tick populations as individuals may become infected at different times or
die. Consequently, prevalence is impossible to determine absolutely. Hopefully, relative
infection prevalence is informative with regard to comparison among different samples of
ticks, and will provide useful information on risk of human exposure to ehrlichiosis in the
localities from which ticks were sampled. However, to understand infection prevalence from
an ecological point of view, it is useful to explore concerns regarding the determination of
prevalence in more detail.
How should the appropriate experimental units be selected for studying prevalence of
infection in ticks? Using political boundaries such as states, counties or parks solves that
problem if the goal is to roughly assess risk of human exposure within those areas. However,
because the distribution of ticks is not congruent with political boundaries, inferences about
overall prevalence in those areas are suspicious without the appropriate replication and
sample sizes. Moreover, using political boundaries does not convey useful information from
an ecological point of view as related to biological populations of ticks.
Which factors should be considered when choosing tick samples to determine
prevalence? Many factors confound the sampling of ixodid tick populations namely the
density and spatial distribution of ticks within fragmented habitats (Wilson 1998). Suitable
habitat is the most important factor regarding A. americanum abundance as long as hosts are
present. Furthermore, because this tick is sensitive to desiccation, habitat preference may
change with moisture levels (Sonenshine 1993). This close association between the tick and
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landscape is characteristic of a metapopulation, and accordingly, patches of suitable habitat
may exist camouflaged within a 'matrix' of background habitat that is less suitable (Wiens
1997). As large samples of ticks are collected from such a population, the probability of
collecting an infected tick increases. However, if sampling covers an area that is extremely
large, the chances increase with area that ticks will belong to different patches. Consequently
the different populations inadvertently become experimental units, each having a small
sample size (n). The probability of ticks being infected is independent for each population
sample and thus the probability of encountering infected ticks is reduced overall. Therefore,
sampling increasingly large areas actually decreases the chance of detecting infected ticks.
Sampling an area that is extremely small presents a slightly different problem that is equally
disconcerting. The tendency for infected ticks to be present in foci of unknown spatial
constraints is problematic with regards to determining the prevalence. Each population of
ticks may contain 1 or several foci of infected ticks contributing to the prevalence of
infection within that population. Collecting from extremely small geographic areas decreases
the chances of sampling within foci containing infected ticks. In this case, sample size
increases but number of treatments decreases, and while the chance of finding infected ticks
is small, when infected ticks are encountered, the prevalence will be very high relative to that
of the tick population overall. It is expected that some tick samples will have a prevalence of
0%, while others are significantly higher. However, infection prevalence within a population
will always be lower than that of foci unless the populations themselves become foci of
infection.

Experimental errors attributed to laboratory analysis compound the problems with
calculating infection prevalence. Therefore, it is useful to determine which type of error is of
greater concern and the source and magnitude of error. There are two types of error as
described by Sokal and Rohlf (1995). The null hypothesis states that there is no difference
between the true value and the hypothesized value. Type I error is the rejection of a true null
hypothesis (i.e. detecting a difference when none exists) while type II error is the acceptance
of a false null hypothesis (i.e. there is a difference but none is detected) (Sokal and Rohlf
1995). In the case of detecting tick-borne pathogens, the hypothesis might relate to expected
infection prevalence based on similar studies or presence of other evidence.
Polymerase chain reaction (PGR), the predominant method for determining
prevalence of infection in ticks is problematic when considering experimental error. The
success of PGR is heavily dependent on the skill of the technician, quality of equipment, and
sterility of the laboratory environment, conditions that are rarely, if ever, consistent among
experimenters. One of the problems associated with PGR is contamination of samples
leading to the appearance of bands in samples that do not actually contain the target DNA.
Two major sources of contamination are carryover of previously amplified DNA (Kwok and
Sninsky 1989) and aerosols created by sample preparation (Orrego 1990). Contamination
may be remedied by using appropriate precautions including many negative controls ( Kwok
and Sninsky 1989). However, when a single negative control is used (as is most often
reported), the experimenter assumes all positive results are real if the negative control
remains negative. This may be an unacceptable assumption considering the above modes of
contamination. For example, cross contamination between samples may affect some
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adjacent samples but not all and importantly not the negative control. Such cross
contamination might then create a prevalence that is higher than that of the true prevalence
and is a source of type I error if the prevalence value obtained is significantly higher than
hypothesized. If contamination of samples yields a prevalence that is not different from the
expected value, type II error has been committed. One way to alleviate this problem is by
demonstrating repeatability of PGR amplification from the original DNA sample and
considering samples that are not repeatable as not infected. However, being overly
conservative may also generate error if there is a legitimate reason why results are not
repeatable but are nonetheless excluded. This problem is equivalent to false negative results,
creating a prevalence lower than the true prevalence. In this case, type I error is committed if
the resulting prevalence is significantly lower than expected, whereas type II error is
committed if no difference is detected. False negatives might result from low infection
intensities and/or failure to completely recover target DNA from a tick. Consequently, the
fraction of the isolated DNA that is used for PGR might not always contain the target DNA,
and it would be reasonable to expect different degrees of repeatability among samples.
Indeed our results show that performing PGR several times from such samples exhibits
sporadic repeatability.

Chapter IV
Summary

Human monocytic ehrlichiosis (HME) is a newly emerging, tick-borne zoonotic
disease in North America. Ehrlichia chaffeensis, a gram-negative bacterium in the family
Rickettsiaceae, was identified as the causative agent of HiME only within the last decade.
Studies of the prevalence of E. chaffeensis infection in ticks have been carried out to assess
the level of risk that ticks pose to humans. Polymerase chain reaction evidence of E.
chaffeensis in ticks has been used to estimate infection prevalence over large portions of
Missouri and Indiana in the northern part of A. americanum's range. In the southern part of
the tick's range, prevalence of infection has been determined from the Piedmont
physiographic region of north Georgia.
This study was carried out in order to determine if the prevalence of E. chaffeensis
infection in lone star tick populations from the Georgia coast and barrier islands is similar to
that of northern Georgia. Three locations were examined including 1 coastal island
contiguous with the mainland, and 2 isolated barrier islands. We hypothesized that isolation
and relatively low levels of human disturbance would affect infection prevalence on the
islands. This was supported by our results, which showed the prevalence of infection on the
coast to be similar to that of northern Georgia while the island populations had significantly
lower prevalences. Moreover, potential sources of error in population sampling and
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laboratory analysis were identified that may be problematic in determining the distribution
of infection foci of Ehrlichia spp. in tick populations.

Appendices

Appendix 1-Dendrogram of rickettsiae
Appendix 2-Agarose gel image of initial PCR
Appendix 3-Agarose gel image of nested PCR
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Appendix 1. Dedrogram (after Walker and Dumler 1996) of Ehrlichia spp. in relation to
other bacteria based on 16S rRNA gene sequence similarities.
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Ehrlichia platys
Ehrlichia equi
Ehrlichia sp.(HGE)
Ehrlichia phagocytophyla
Anaplasma marginale
Cowdria ruminantium
Ehrlichia ewingii
Ehrlichia chaffeensis
Ehrlichia canis
Wolbachia pipientis
Ehrlichia risticii
Ehrlichia sennetsu
Neorickettsia helminthoeca
Rickettsia typhi
Rickettsia prowazekii
Rickettsia sibirica
Ricketsia rickettsii
Orientia tsutsugamushi Gilliam strain
Orientia tsutsugamushi Kato strain
Coxiella burnetii
Legionella pneumophila
Wolbachia persica
Escherichia coli

Appendix 2. Agarose gel image of the initial PCR amplification from a nested PCR
assay. Primers Ehr26F and Ehrl430RC bind to conserved regions near each end of the
rickettsial 16S rRNA gene. This results in the amplification of many copies of a 1404bp
DNA fragment, visible as a single band on the gel. Gel lanes contain (from left to right):
molecular weight ladder (L), negative control (-), positive control (+), 12 tick samples.
While the positive control is visible on the gel as a bright band, infected ticks samples are
not apparent until the nested PCR amplification is visualized on a gel (App. 3).
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Appendix 3. Nested PCR using primers Chaf48F and Chaf620RC to amplify a 572bp
fragment, specific to E. chaffeensis, from within the 1404bp product produced from the
initial PCR. Gel lanes contain (from left to right): molecular weight ladder (L), negative
control (-), positive control for nested reaction (+), nested reaction for positive control
from initial PCR, 2 positive tick samples among the 12 screened.
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